In this paper we explore the possibility that is in the interesting range to reconcile the currently indicated discrepancy between lattice results and observations. The model also predicts that the electric dipole moments of the neutron and the electron should be discovered with improvements in current limits by factors of 10 to 100.
Introduction
Ongoing studies of CP and flavor violations may well turn out to provide some important clues to physics beyond the standard model (SM) 
This fit is obtained using the observed values of ǫ K = 2.27×10 The purpose of this paper is to address the issues of CP and flavor violations in conjunction with those of fermion masses and neutrino oscillations, in the context of SUSY grand unification. In particular, our goal would be to obtain a unified description, in accord with observations, of all four phenomena: (i) CP non-conservation, (ii) flavor violation, (iii) masses and mixings of quarks and leptons, as well as (iv) neutrino oscillations, within a single predictive framework based on SUSY grand unification.
1 ǫ ′ K reflecting direct ∆F = 1 CP violation is well measured, but its theoretical implications are at present unclear due to uncertainties in the matrix element. We discuss this later.
In this regard, (a) the observed quantum numbers of the members of a family, (b) gauge coupling unification, (c) neutrino oscillations, as well as (d) the likely need for leptogenesis [4] as a prelude to baryogenesis, together, suggest that the SM gauge symmetry very likely emerges, near the GUT scale M U ∼ 2 × 10 16 GeV , from the spontaneous breaking of a higher gauge symmetry that possesses the symmetry SU(4)-color [5] . The higher gauge symmetry in 4D could be either SO(10) [6] , or an effective (presumably string derived) symmetry G(224) = SU(2) L × SU(2) R × SU(4) c [5] . The need for SU(4)-color arises because it provides: (a) the right-handed neutrino (ν R ) as a compelling member of each family, (b) B − L as a local symmetry, and (c) the Dirac mass of ν τ in terms of the top-quark mass. These three ingredients, together with the SUSY unification scale, seem to be rather crucial [7] to an understanding of the neutrino masses via the seesaw mechanism [8] and implementing baryogenesis via leptogenesis [4] . The theory thus described may be viewed to have emerged in 4D from a string/M theory near the string scale M st matrices, so as to yield net CP and flavor-violations, arising through both SM and SUSY interactions, in accord with observations, while still preserving its successes as regards fermion masses and neutrino oscillations? This is the question we pursue in this paper.
As we will see, these four phenomena -(i) fermion masses, (ii) neutrino oscillations, (iii)
CP non-conservation, and (iv) flavor violations -get intimately linked to each other within the SUSY SO(10)/G(224) framework. Satisfying simultaneously the observed features of all four phenomena within such a predictive framework turns out, however, to be a non-trivial challenge to meet. One main purpose of the present paper is to show that the answer to the question raised above is in the affirmative. We defer the discussion of our results and predictions in this regard to section 5.
Since CP violation would have its origin, in our model, entirely in the fermion mass matrices, and since the BPW framework presented in Ref. [9] has proven to be so successful in describing fermion masses and neutrino oscillations, we first briefly recall the salient features of this prior work in the next section. In the following section we extend the same so as to include CP violation.
Fermion Masses and Neutrino Oscillations in G(224)/SO(10):
A Brief Review of Prior Work
The 3 × 3 Dirac mass matrices for the four sectors (u, d, l, ν) proposed in Ref. [9] were motivated in part by the notion that flavor symmetries [10] are responsible for the hierarchy among the elements of these matrices (i.e., for "33"≫"23"≫"22"≫"12"≫"11", etc.), and in part by the group theory of SO(10)/G(224), relevant to a minimal Higgs system. Up to D ν and M l ), but ǫ → −3ǫ and ǫ ′ → −3ǫ ′ as q → l. Such correlations result in enormous reduction of parameters and thus in increased predictiveness. Such a pattern for the mass-matrices can be obtained, using a minimal Higgs system 45 H , 16 H , 16 H and 10 H and a singlet S of SO (10) , through effective couplings as follows [12] (see Ref. [9] and [7] for details): [9, 14] . Depending upon whether M ′ (M ′′ ) ∼ M GUT or M string (see [13] ), the exponent p(q) is either one or zero [15] . 
All the fields are assumed to be even under the discrete symmetry D, except for 16 H and 16 H which are odd. It is assumed that other fields are present that would make the U(1) symmetry anomaly-free. With this assignment of charges, one would expect |ζ
may thus take |ζ
without upsetting the success of Ref. [9] . In the same spirit, one would expect
where ζ 11 , ζ 13 , and ζ 31 denote the "11", "13", and "31", elements respectively. The value of a can get fixed by the presence of other operators (see Ref. [16] ).
The Majorana masses of the RH neutrinos arise from effective couplings of the form hierarchy which is identical to that in the Dirac mass matrices. We refer the reader to [9] and [7] for a more detailed discussion of the neutrino sector. Here, we list only the results.
Ignoring possible phases in the parameters and thus the source of CP violation for a moment, and also setting ζ One is thus led, for this CP conserving case, to the following fit for the parameters, and the associated predictions [9] :
These output parameters remain stable to within 10% corresponding to small variations ( < ∼ 10%) in the input parameters of m t , m c , m s , and m u . These in turn lead to the following predictions for the quarks and light neutrinos [9] , [7] :
It has been noted [7, 16] that small non-seesaw contribution to ν e L ν µ L mass term (∼ few ×10 −3 eV) which can arise through higher dimensional operators, but which have been ignored in the analysis given above, can lead quite plausibly to large ν e − ν µ oscillation angle in accord with the LMA MSW solution for the solar neutrino problem. Leaving aside therefore the question of the ν e − ν µ oscillation angle, it seems quite remarkable that all seven predictions in Eq. (7) agree with observations to within 10%. Particularly intriguing is the (B − L)-dependent group-theoretic correlation between V cb and θ osc νµντ , which explains simultaneously why one is small (V cb ) and the other is so large (θ osc νµντ ) [7, 9] . That in turn provides some confidence in the gross pattern of the Dirac mass matrices presented above and motivates the study of CP and flavor violations within the same framework. This is what we do in the next section.
Phases in the Fermion Mass Matrices: The Origin of CP violation
In the work of Ref. [9] reviewed above, the parameters (σ, ǫ, η, ǫ ′ , η ′ etc.) entering into the fermion mass matrices were assumed to be real, for simplicity, and thereby (at least) the SM interactions were rendered CP-conserving 4 . Noting that the VEVs of the Higgs fields 5 and/or the effective Yukawa couplings can well be complex, however, we now propose to extend the SO(10)/G(224) framework reviewed above to include CP violation by allowing for these parameters to have phases.
Given the empirical constraints on (i) CP and flavor violations, as well as (ii) fermion masses and (iii) neutrino oscillations, on the one hand, and (iv) the group-theoretical constraints of the SO(10)/G(224) framework on the other, it is of course not at all clear, a priori, whether any choice of phases and variations in the parameters of the fermion mass matrices presented above can yield observed CP and flavor-violations, and simultaneously preserve the successes of the framework of [9] as regards fermion masses and neutrino oscillations.
That is the issue we now explore. We choose to diagonalize the quark mass matrices M u and M d at the GUT scale ∼ 2 × 10 16 GeV, by bi-unitary transformations -i.e.
with phases of q i L,R chosen such that the eigenvalues are real and positive and that the CKM matrix V CKM (defined below) has the Wolfenstein form [17] ). Utilizing the hierarchical nature of the mass matrices, one can obtain (approximate) analytic expressions for the diagonalizing matrices. They are:
4 modulo the contribution from the strong CP parameter Θ 
Here φ η±ǫ ≡ arg(η ± ǫ), that is, (η ± ǫ ≡ |η ± ǫ| e iφ η±ǫ ); Y ≡ η ′ |η − ǫ|e −iζ ud and 
where
As mentioned above, using observed fermion masses and mixings [9] , we obtain:
In writing Eqns. (9) and (10), we have not displayed for simplicity of writing, small correction terms (O(ǫ 2 , η 2 )), which are needed to preserve unitarity. We have also not displayed small phases of order
and R sin Ω ∼ 1/10. Our results to be presented, that are based on exact numerical calculations, however incorporate these small corrections.
The CKM elements in the Wolfenstein basis are given by the matrix
, where without loss of generality (given |η ′ | ≫ |ǫ ′ |), we can choose φ η ′ +ǫ ′ ≈ 0. To a good approximation, the CKM elements are given by:
Note that the CKM elements have the desired Wolfenstein form with only V ub and V td being complex and the others being real to a good approximation. ζ cb defined above is just the argument of the expression within the bars for V cb . One can check that to a good approximation, (neglecting the η ′ |η−ǫ| term for V td that causes < 10% error), the phase of V td is given by
and similarly
Before presenting the results of a certain fit and the corresponding predictions, we need to first discuss SUSY CP and flavor violations in the presence of phases in the fermion mass matrices. This is done in the next section.
SUSY CP and Flavor Violations
Our procedure for dealing with SUSY CP and flavor violations may be summarized by the following set of considerations: 1) As is well known, since the model is supersymmetric, non-standard CP and flavor violations would generically arise in the model through sfermion/gaugino quantum loops involving scalar (mass) 2 transitions. The latter can either preserve chirality (as inq
. Subject to our assumption on SUSY breaking (specified below), it would turn out that these scalar (mass) 2 parameters get completely determined within our model by the fermion mass-matrices, and the few parameters of SUSY breaking.
2) SUSY Breaking : We assume that SUSY breaking is communicated to the SM sector by messenger fields which have large masses of order M * , where
that the soft parameters are flavor-blind, and family-universal at the scale M * . A number of well motivated models of SUSY breaking, e.g., those based on mSUGRA [18] , gaugino-mediation [19] , anomalous U(1) − D term [20, 21] , combined with dilaton-mediation [21, 22] , or possibly a combination of some of these mechanisms, do in fact induce such a breaking.
While for the first two cases [18, 19] we would expect extreme squark degeneracy (ESD) i.e. In an extreme version of universality, analogous to CMSSM, the SUSY sector of the model would introduce only five parameters at the scale M * :
In some cases, A o can be zero or extremely small ( < ∼ 1GeV) at M * as in [19] and [21] .
For most purposes we will adopt this restricted version of SUSY breaking, including the vanishing of A o at M * . However, our results will be essentially unaffected even if A o is nonzero (∼ 500 GeV, say) but real (see remarks later). We will not insist on, but will allow for,
Higgs-squark-slepton universality, which does not hold, for example, in the string-derived model of [21] . In spite of flavor-preservation at a high scale M * , SUSY-induced flavorviolation would still arise at the electroweak scale through renormalization group running of the sfermion masses and the A-parameters from M * → M GU T → m W , as specified below.
Although the premises of our model as regards the choice of universal SUSY parameters coincide with that of CMSSM, as we will see, owing to the presence of GUT-scale physics in the interval M * → M GU T , SUSY CP and flavor violations in our model (evaluated at the electroweak scale) would be significantly enhanced compared to that in CMSSM (or even CMSSM with right-handed neutrinos). This difference provides some distinguishing features of our model.
3) Flavor Violation due to RG Running of Scalar Masses from M * to M GUT For MSSM embedded into SO(10) above the GUT scale, there necessarily exist heavy color-triplet Higgs fields which couple to fermions through the coupling h t 16 3 16 3 10 H , while there exist heavy doublets for both SO(10) and G(224) which also couple to fermions owing to the mixing of 10 H with 16 H (see [9] ). (Here h t stands for h 33 of Eq. (4)). These couple tob L andb R with the large top quark Yukawa coupling h t . The heavy triplets and doublets possess masses of order M GU T . One can verify (see [23] ) that the evolution of RG equations for squark masses involving such couplings suppressb L andb R masses significantly compared to those ofd L,R ands L,R . Note that left-right symmetry implies equal shifts inb L andb R masses arising from GUT scale physics in the momentum range
, for the embedding of MSSM into SO (10) , are found to be (with A o = 0):
The hat signifies GUT scale values. Here m o denotes the (approximately) degenerate mass of squarks at the scale M * . We have set h 2 t = 1/2; we expect M * /M GU T ∼ (3 to 10), say, and
which provides the heavy doublet, but not the triplets, the factor 30 in Eq. (12) should be replaced by 12.
Having diagonalized the quark mass-matrices M Once squarks are non degenerate at M GU T owing to the mass-shift ofb L,R as in Eq. (12), the transformations mentioned above induce off-diagonal elements with squarks being in the SUSY basis. For the down squark mass matrices (evaluated at the GUT scale), these off diagonal elements are found to be:
Here κ
; this term would be present for the case of intermediate squark degeneracy (ISD), corresponding to small (∼ 10 −2 ) squark non-degeneracy at the scale M * , as in models of Ref. [20, 21] . From now on, for the sake of concreteness, we drop this term, 6 setting κ (6) and (20)) to indicate their typical values.
Assuming for simplicity, universality of scalar masses m o (of the first two families) and of the gaugino masses m 1/2 at the GUT scale, the physical masses of squarks of the first two families and of the gluino are given by:
This result is rather insensitive to the mass shifts ofb L,R . Using the above relations we get 
Here 
The net squark (mass) 2 off-diagonal elements at m W are then obtained by adding the respective GUT-scale contributions from Eqs. (13) to that from Eq. (16). They are:
7 Note that strictly speaking Eq. (15) holds if the soft parameters are universal at the GUT-scale. However, the correction to this expression due to RG running from M * to m W would be rather small, being a correction to a correction. 8 Although we have put Ao = 0 (for concreteness), note that ∆m From the expressions given above (Eqs. (13) and (16) 
we can write the A LR -matrix at the GUT-scale for the down squark sector in the SUSY basis for the case of SO (10) as follows:
where Z = 
Note that these induced A LR -terms for all three sectors, like the squarks (mass) 2 elements δ ij LL,RR given in Eqs. (13)- (17), are completely determined within our model by the fermion mass matrices, for a given choice of M λ ≈ m 1/2 and ln(M * /M GU T ). We now utilize these SUSY CP and flavor-violating elements to predict the results of our model.
Once again, as in the case ofδ ij LL,RR , these induced A-terms arising purely through GUTphysics, would be absent or negligibly small in CMSSM. As a result, some of the interesting predictions of our model as regards ǫ ′ K and edm's (to be discussed below) and lepton flavor violations (to be discussed in a forthcoming paper [25] ) would be absent altogether in CMSSM. Before presenting our results, we make some preliminary remarks. First of all one might have thought, given the freedom in the choice of phases in the parameters of the mass matrices, that it ought to be possible to get almost any set of values of (ρ W andη W ), and in particular those in accord with the SM values (Eq. (2)). It turns out, however, that in general this is indeed not possible without running into a conflict with the fermion masses and/or neutrino oscillation parameters within a SO(10) or G(224)-model 10 . In other words, any predictive SO(10) or G(224)-model is rather constrained in this regard. 9 We extend the same question to include lepton flavor violating processes (such as µ → e γ and τ → µ γ) in a separate note. 10 for a discussion of difficulties in this regard within a recently proposed SO(10)model, see e.g. [26] Second, one might think that even if the SO ( Study of these processes, some of which we discuss below, can help distinguish between the SM versus the SUSY SO(10)/G(224)-models.
Without further elaboration, we now present our main results. In this paper we will present only one fit to the parameters which has the desired properties. 11 We have verified that there actually exists a class of fits which nearly serve the same purpose. Only one of these (Eq. (20)) is exhibited here for the sake of concreteness.
to the parameters is given by:
For the sake of simplicity and economy, we have set ζ runs from M S to the appropriate low energy scales [27] 12 .
The primes onρ Ref. [29] ), to within 10%. (As alluded to before, we should not of course expect the very light fermion masses to be described adequately by the gross pattern of the mass-matrices exhibited in Sec. 2 . In particular the "11" entries in Eq. (13), (18) and (19)). The latter are, however essentially fixed by fermion masses and mixings, as shown in the fit given above (Eq. (20)), especially when we demand that theρ In this paper, we will present the results for some of the processes listed above, in particular those shown in Eq. (1) as well as those for ǫ ′ K and the edm's of the neutron and the electron. Some of the other processes including lepton flavor violation will be considered in a separate paper. 15 counting the number of such (mass) 2 -parameters Using Eqs. (13) and (15) (20) and (21) 
2.9×10
−15
2.83×10
−3
3.56×10 respectively) compared to the SM ′ contribution. As a result, for these three entities, the SM ′ contribution practically coincides with the total contribution, which is what is shown in the table. By contrast, for the same spectrum, the SUSY-contribution to ǫ K is found to be rather sizeable (∼ 20-25%) 17 , and importantly enough, negative compared to the SM ′ -contribution 18 . The fact that it is relatively negative is an outcome of the model and, as it turns out, is most desirable (see below).
(2) Comparing the predicted values shown in Table 1 TeV, and x ≈ 0.8), and also for the case of G(224) in the second column (m sq ≈ 800 GeV,
In making this comparison we are allowing for plausible (at present theoretically uncertain but allowed) long distance contribution to ∆m K (∼ ±15%), and uncertainties in B K or η 1 < ∼ 10% (see entries for ǫ K in the last three columns) and that in f B d B B d by about 16 We will be guided by the error of ±0.20 on η 1 , used in [33] , although that quoted in [1] is considerably larger (± 0.53). 17 The fact that the SUSY contribution to ǫ K (in contrast to those for ∆m K , ∆m B d and S(B d → J/ψK S )) is relatively large is simply because the SM contribution to ǫ K is strongly suppressed owing to the smallness of the relevant CKM mixings. 18 In as much as we requireρ ′ W andη ′ W to be close to the SM-based phenomenological values (as in Eq. (2)), in accord with the observed values of the fermion masses, CKM-elements and neutrino oscillation parameters, we find that the class of fits satisfying these requirements lead to SUSY-contribution to ǫ K that is relatively negative compared to the SM ′ -contribution. Table 1 where the discrepancies between the predicted and observed values range from 2 to 12%. At present, such discrepancies, even as high as 20% for the SM can of course be accommodated by allowing for uncertainties inB K , η 1 , and also in λ.
(6) One main point we wish to stress here, however, is this: At present, the distinctions between the predictions of the SM (in particular for ǫ K ) versus those of the SUSY SO (10) or G(224) models on the one hand, and those between the predictions of the SUSY SO (10) versus the G(224) models on the other hand (compare columns (a), (b), (c) and (d) of Table   1 ) are marred in part because of uncertainties (∼ 15%) in the hadronic parameters (B K , η 1 etc.) as well as that (∼ 2%) in λ, and in part because SUSY is not discovered as yet, and thus the SUSY spectrum is unknown. But once (hopefully) SUSY is discovered at the LHC and thereby the SUSY parameters get fixed, and in addition the uncertainties in the hadronic parameters are reduced (hopefully) to a few percent level through improvements in the lattice calculations, we see from the analysis presented above that we can utilize the combined set of informations to distinguish experimentally between the SM versus the SUSY SO (10) 
The experimental distinctions will of course be even sharper once we include predictions for the other processes, some of which are presented below. (13) and (19)), it is easy to verify that the SUSY-amplitude for this decay in our model is only of order 1% (or less) [36] compared to that in the SM. As a result, adding SM ′ and SUSY contributions to the decay amplitudes, we obtain:
Allowing for variant fits which also give fermion masses and CKM mixings in good agree- [37] , at the Beijing International Conference on High Energy Physics .
Meanwhile there have been many theoretical and phenomenological attempts [36, 38] to obtain possible large deviations in S(B d → φK S ) from the SM-value, including, in some cases, 19 Our prediction in this regard was reported at the Fujihara seminar [7] , held February 23-25, 2004 . 
µν , which is induced by the gluino penguin diagram. This contribution is proportional to
, which is predictable in our model (see Eqs. (18) and (19)). Following Refs. [39] and [40] , one obtains:
where B G is the relevant hadronic matrix element. Model-dependent considerations (allowing -4 , and that it is positive [39] . Using the prediction of our model (via Eqs. (18) and (19)), for a typical SUSY-spectrum used in previous considerations (e.g. (m o , m 1/2 ) = (600, 300) GeV ), we obtain: X 21 ≈ 2.1 ×
10
−5 / tan β. Note that the sign of X 21 , as derived in the model, is positive. Inserting this in Eq. (24), and putting (m s + m d ) ≈ 110 MeV, we get:
We see that if the positive sign of B G is confirmed by reliable lattice calculations, the gluino [41] and the observed value given by Re(ǫ ′ /ǫ) obs = (17 ± 2) × 10 −4 [42] persists despite future improvements in lattice calculations (see e.g. Ref. [43] for a review of these calculations).
(9) EDM of the neutron and the electron: RG-induced A-terms of the model generate chirality-flipping sfermion mixing terms (δ d,u,l LR ) ij , whose magnitudes and phases are predictable in the model (see Eqs. (18) and (19)), for a given choice of the universal SUSYparameters (m o , m 1/2 , and tan β). These contribute to the EDM's of the quarks and the electron by utilizing dominantly the gluino and the neutralino loops respectively. We will approximate the latter by using the bino-loop. These contributions are given by (see e.g. [44] ):
For a representative choice (m o , m 1/2 ) = (600, 300) GeV (i.e. m sq = 1 TeV, mg = 900 GeV, ml = 636 GeV and mB = 120 GeV ), using Eqs. (18) and (19), we get:
tan β ecm . (27) The EDM of the neutron is given by d n = We should also note that intrinsic SUSY phases denoted by φ A = arg(A * o m 1/2 ) and φ B = arg(m 1/2 µB * ), if present, would make additional contributions to EDM's through gluino and/or chargino/neutralino loops, which should be added to the contributions shown above. These contributions have been widely discussed in the literature (see e.g. [44] ). As is well known, with A o = 0 or small ( < ∼ 1 GeV) at the scale M * (as we have chosen, following the examples of Refs. [19] and [21] ), these contributions are proportional to (m d,e )µ tan β(sin φ B ).
They would be typically about 50-300 times larger than the values shown above (Eqs. (27) and (28) especially for the EDM of the neutron is in an extremely interesting range suggesting that it should be discovered with an improvement of the current limit by a factor of about 10.
Summary and Concluding Remarks
In this paper we have explored the possibility that by the Giudice-Masiero mechanism [45] , or by the ideas suggested in [46] , or by involving a coupling in the superpotential of the form [47] : κ10 H 10 H N + λN 3 + ..., where the singlet N is not allowed to couple to the other fields mentioned above, and acquires a real VEV of order 1 TeV (as needed), with κ and λ being real, then the µ-term would also be real. In this case, all intrinsic SUSY phases would disappear. We plan to explore this possibility in a future work. 21 An alternative resolution of the SUSY CP problem arises in a class of gaugino mediated SUSY-breaking (with the µ-problem being resolved for example as in [45] ) in which all relevant SUSY parameters become proportional to m 1/2 [19] . A third resolution of the SUSY CP problem would arise in a model where both A and B terms are naturally zero or sufficiently small at the scale M * . This is precisely what happens in, for example, the anomalous U (1) A model of SUSY-breaking that arises in the context of a three-family string-solution [21] . In this case, extra gauge symmetries of the model suppress both A and B terms at M * . 
23
As mentioned in Secs. 1 and 5, the framework presented above faces, however, a primafacie challenge. Including SM and SUSY contributions, the question arises, can the framework successfully describe the observed features of CP and flavor-violations including those listed in Eq. (1), while retaining the successes of the CP-preserving framework [9] as regards fermion masses and neutrino oscillations? Our work here shows that the SUSY SO(10)/G(224)-framework proposed here, which extends the framework of Ref. [9] , indeed meets this challenge squarely. In the process, it makes several predictions, only some of which are considered here; these can eventually help distinguish the framework from other alternatives.
Our results can be summarized as follows:
(1) It is found that, with allowance for phases, there exists a fit to the parameters of the fermion mass-matrices (Eq. (3)) which successfully describes fermion masses, all the CKM elements and neutrino oscillations as in Ref. [9] (see Eq. (21)), and simultaneously yields the 22 Even in the case of CMSSM, all the parameters of MSSM at the electroweak scale (some 105 of them) are of course also all fully determined in terms of the SUSY-parameters (mo, m 1/2 and tanβ) and those involving the fermion masses and mixings.
However, in this case, as mentioned in Sec. 4, owing to the absence of GUT-scale physics in the interval M * → M GU T , the most interesting effects on the entities considered here (e.g. those on ǫ K , ǫ ′ K and the EDM's) would be absent or negligibly small. 23 While we have focussed in this paper on the SO(10)/G(224)-model of Ref. [9] , we note that generically such enhanced flavor and/or CP violations arising from GUT-scale physics would of course be present in alternative models of SUSY grand unification [50] well (allowing for up to 15% uncertainty in hadronic matrix elements), see Table 1 . are suppressed (for example due to smallness of the mixing angles). Such is precisely the case for ǫ K , ǫ ′ K and the edm's of the neutron and the electron, (as well as for lepton flavor violating processes to be discussed in a forthcoming paper [25] ). It is found that the SUSYcontribution to ǫ K is sizable (of order 20-25%) and negative relative to the SM ′ contribution, just as desired, to yield better agreement between the predicted and the observed value (see Table 1 ).
(4) The sizable negative contribution of SUSY to ǫ K in our model provides an important tool to help distinguish not only between the SM versus the SUSY SO(10)/G(224)-models, but also between the SO(10) and the G(224)-models themselves (see Table 1 ). Such distinctions would be possible once (hopefully) SUSY is discovered at the LHC and thereby the SUSY parameters get fixed, and in addition the uncertainties in the hadronic parameters (B K and η 1 ) are reduced to (say) a 5% level or better, through improved lattice calculations. To conclude, the SUSY SO(10)/G(224) framework, as proposed in Ref. [9] and extended here, subject to the assumption of universality of SUSY parameters, drastically reduces the parameters for SUSY-contributions to CP and flavor-violations. In effect, the extension proposed here ties in fermion masses, neutrino oscillations, CP and flavor violations within a predictive and testable framework.
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